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Abstract: 
Strain relief in lattice mismatched heteroepitaxy is mediated by formation and/or 
propagation of dislocations. Due to their technological significance, the process of strain 
relief in materials with face-centred cubic (fcc) lattices has been analyzed by several 
researchers1,2 following the work by Matthews and co-workers in the late 1960s to early 
1970s3-6. In the Matthews model, it is assumed that the strain relieved by any misfit 
dislocation is equal to the edge component of the dislocation burgers vector in the 
interface plane. This assumption has been used in all subsequent analyses of strain relief 
in lattice mismatched heteroepitaxy1,2. Based upon the known three-dimensional atomic 
structure of the dislocations in fcc lattices, we show that the assumption is not valid for 
the 60º dislocations that form/expand via the conservative glide process. For 
compressively (tensilely) strained films the assumption is valid only for the 90º 
dislocations that form/expand via aggregation of vacancies (interstitials).  
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 Lattice-mismatched heteroepitaxy or strain-layer epitaxy, in which a material of a 
different bulk lattice constant than that of the substrate is deposited in the form of a film, 
plays a central role in many of the InGaAs/GaAs, InGaAsP/InP, and the emerging 
SiGe/Si based electronic and optoelectronic devices. The strain is used as an additional 
degree of freedom to engineer the electronic structure of the active layers. The lattice 
mismatch strain leads to formation/expansion/motion of dislocations in such structures. 
The most commonly observed dislocations in fcc strained systems, such as the ones noted 
above, have their misfit dislocations (i.e. part of the dislocation line that lies in the 
film/substrate interface plane) along the orthogonal [110] and [⎯110] directions. These 
dislocations are conventionally categorized into two groups: 60º and 90º (also known as 
edge-type) dislocations, depending upon the angle between the misfit dislocation line and 
its burgers vector (⎯b). The dislocations impact the properties of the film, in most cases 
adversely, and therefore understanding and control of dislocations is an important 
objective in the synthesis of such films. The first ground state thermodynamic analysis at 
0K of lattice-mismatched heteroepitaxy was done for one monolayer (ML) thick film7, 
subsequently such analysis was extended to films with finite (>> 1 ML) thick films8. The 
analysis in references 7 and 8 was limited to the case of infinitely long edge-type misfit 
dislocations. Subsequently, such analysis was extended by Matthews and co-workers3-6 to 
dislocations that have a finite extent in the interface plane and are of mixed character. In 
their analysis the strain relieved by the misfit dislocation segment was assumed to be 
equal to the projection of the edge component of the burgers vector on to the interface 
plane9. We have examined the validity of this assumption (which we refer to as Matthews 
assumption) based on the known three-dimensional structure of dislocations in fcc 
lattices. We show that the Matthews assumption is valid only for 90º dislocations that 
form/expand via vacancy/interstitial aggregation and we show that it is not applicable to 
the 60º dislocation that form or expand via the conservative glide process.  
 Following the typical experimental situation, we consider a film of material F 
with a bulk lattice parameter, af0, on the (001) surface of a semi-infinite perfect substrate 
of material S with a bulk lattice parameter, as0. Both materials are assumed to have fcc 
lattice structure in their bulk form. A schematic of the system under consideration is 
shown in fig. 1(a). We assume af0 > as0, so that the film is compressively strained when it 
is coherent with the substrate. An equivalent description of coherency is that the spacing 
of the (110) and (⎯110) film planes is same as the corresponding planes of the substrate. 
Figure 1(b) shows a schematic of (110) cross-section of the lattice of the film/substrate 
system. In this analysis we do not consider infinitely long dislocations that span the entire 
film/substrate interface. This condition is consistent with the typical experimental 
situation where the dislocation velocities (glide or climb) and the time scales involved are 
such that the dislocation can expand at most ~ 1 mm, whereas the typical substrate size is 
~ 10 - 1000 mm. The three dimensional structure of the dislocations considered here is 
that of dislocation half-loops, i.e. dislocations that have three-segments, one segment 
lying at the interface (misfit dislocation), and the other two segment that span the film 
thickness (threading dislocations) and terminating at the film surface.   
 Strain relief can be considered to be increase in the spacing of the [110] and 
[⎯110] planes of the film from the initial value that is equal to the spacing of the 
corresponding planes of the substrate (coherently strained film) to their value in the bulk 
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material F (fully relaxed film). To illustrate the process of strain relief via dislocations we 
first consider the case of 90º dislocations. Shown in figure 2(a) and (b) are the three-
dimensional schematic of such a dislocation half-loop and (110) cross-section of the 
lattice across the misfit segment, respectively.  The cross-section shows the familiar 
missing half-plane picture of edge-type dislocations. The dislocation burgers vector is 
1/2as0[⎯110] and its magnitude corresponds to the width of the missing half-plane. If the 
average spacing of the 90º dislocations in the [110] and [⎯110] directions is the same and 
is equal to d, then from geometry it follows that the relieved strain [2], (f−ε), is 
 f−ε = |1/2as0[110]|/d = |⎯b|/d   -----------------------------   (1) 
where |⎯b| is the magnitude of the burgers vector for the 90º dislocations. 
 A comparison of fig. 2(a) and 2(b) implies that the 90º dislocation half-loop may 
be considered as a disc of vacancies with thickness |1/2as0[110]| and is analogous to 
Frank partial bounding an intrinsic stacking fault in fcc materials10 that is familiar to most 
materials scientists. The difference is that the Frank partials have burgers vector 
1/3a[111], which is not a perfect lattice vector, whereas the 90º dislocations have a 
burgers vector that is a perfect lattice vector. Similar to the Frank partials the 90º 
dislocations are edge-type along the entire dislocation line, a geometrically necessary 
requirement. Indeed, any dislocation loop (or half-loop) that can be constructed as a 
vacancy disc will have an edge character along its periphery and will relieve strain. We 
refer to all such dislocations as dilational dislocations. We note that dilational 
dislocations different from the typical 90º dislocations have been experimentally 
observed11. These dilational dislocation loops are nucleated on a pre-existing 60º 
dislocations, and have a burgers vector of type 1/2af[101]12 and the misfit segment is 
along the [100] direction. The magnitude of the strain relieved by any dilational 
dislocations can be shown to be: 
 f−ε  = |⎯beff|/d ------------------------------------------------- (2) 
where |⎯beff| is the projection of the burgers vector in the interface plane and d is the 
dislocation spacing.  The amount of strain relief by dilational dislocations is consistent 
with the Matthews assumption. We remark here that unambiguous determination of a 
dislocation loop (or half-loop) to be dilational type can be made only by analyzing its 
three-dimensional structure. This determination can not be made by analyzing only the 
misfit segment. The above analysis also applies for af0 < as0 (tensile film stress) and in 
this case the strain will be relieved by dilational dislocations that form/expand via 
aggregation of interstitials. 
  A schematic three-dimensional structure of 60º dislocation half-loop and (110) 
cross-section of the lattice across the misfit segment are shown in figure 3 (a) and (b), 
respectively. The entire half-loop lies in the (1⎯11) plane which is the natural glide plane 
for fcc lattices. The dislocation half-loop can be considered to be shear displacement of 
atoms enclosed by the dislocation line with a displacement vector of 1/2af[101]. Note that 
a geometrically necessary surface step is concomitantly created. The cross-section (see 
fig. 3(b)) shows that the spacing of the (⎯110) film planes is not affected by such a 
dislocation. The only change is a line of vacancies along the misfit segment. Therefore it 
follows that the 60º dislocation does not relieve strain through the thickness of the film 
and the Matthews assumption is not satisfied by such dislocations. To the first order, for 
thick films (thickness >> burgers vector), we can assume that the 60º dislocations do not 
relieve any strain.  
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 We have shown that the origin of the 60º and 90º dislocations and their role in 
strain relief is entirely different. We have shown that only those dislocations that 
form/expand via vacancy/interstitial aggregation result in strain relief. In contrast, 
dislocations that form/expand via glide do not relieve strain. The strain relief will be 
controlled by the processes of vacancy/interstitial formation/capture and their subsequent 
diffusion. These aspects have received minimal consideration in the literature so far and 
should be examined in detail to provide better understanding of the strain relief process. 
Though the results have been illustrated specifically for fcc lattices they are general and 
applicable to other lattice systems.   
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Figure captions: 
 
Figure 1 (a) Schematic of the system under consideration. (b) Schematic (110) cross-
section of the lattice showing coherently strained film. Two adjacent (110) planes 
separated by ¼ [110] are projected, the circles filled with dark colors are lattice points lie 
in one (110) plane and the light circles are lattice points from the adjacent (110) plane. 
 
Figure 2 (a) Schematic of the three dimensional structure of 90º dislocation half-loop. 
The entire half-loop lies in the (⎯110) plane. (b) Schematic (110) cross-section of the 
lattice across 90º misfit dislocations. The boxes with dotted lines represent the ‘missing 
half-plane’ of dislocations.  
 
Figure 3 (a) Schematic of the three dimensional structure of 60º dislocation half-loop. 
The entire half-loop lies in the (1⎯11) glide plane. (b) Schematic (110) cross-section of 
the lattice across 60º misfit dislocations. The unfilled circles represent locations from 
which atoms have moved due to dislocation glide on the (1⎯11) planes. The burgers 
vector, ½ af[⎯101], connects the dark green circle to the adjacent light green circle on the 
(1⎯11) plane and lies out of the plane of the paper. 
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